INTRODUCTION
Indonesia has one of the highest incidences of smoking in the world, with 72% of the male population over 15 years of age using tobacco products. [1] Worldwide, smoking is known to be a signifi cant lifestyle factor that contributes to the development of stroke and coronary artery disease. [2] According to the CDC, smoking is the leading cause of death in Indonesia, contributing to 8% of all deaths in the country. [3] Smoking has been shown to cause inflammatory vascular changes that can alter the structural and functional properties of blood vessels such as carotid local stiffness and carotid intima-media thickness (CIMT), both of which correlate directly with future cardiovascular events. [1, 2] Increased carotid arterial stiffness is a condition seen in patients with cardiovascular risk factors such as hypertension, diabetes, and atherosclerosis. [4, 5] Studies investigating the associations between smoking and carotid arterial stiffness give heterogeneous results and are limited particularly regarding local stiffness. [6] [7] [8] [9] Although World J Emerg Med, Vol 8, No 3, 2017 increased CIMT has also been positively correlated with development of atherosclerosis and future cardiovascular events, its clinical significance and predictive value for future cardiovascular events is not clear. [10, 11] When used in conjunction with current cardiovascular risk factors, CIMT was not shown to improve assessment of risk for future acute cardiovascular events. [12, 13] Furthermore, attempts to correlate increased CIMT and increased stiffness are not always defi nitive. [14, 15] Exposure to second-hand smoke (SHS) has also been associated with development of cardiovascular risk factors. [16] SHS exposure, like primary smoking, has also been positively correlated with CIMT in both a dosedependent manner and based on experiences in early childhood. [17] There is currently a lack of research on the effects of SHS on arterial stiffness on adults. B-mode and M-mode ultrasound are relatively easy and portable methods to effectively measure measuring CIMT [18] and indices of stiffness. [4, 19, 20] Measurement of stiffness and CIMT in the common carotid artery (CCA) alone has been shown to be suffi cient to evaluate properties of the entire carotid artery. [21, 22] The purpose of this study was to use point-of-care ultrasound (POCUS) to investigate the relationship between tobacco smoke exposure and the physical characteristics of the CCA which include CIMT and carotid stiffness. The effect of both primary and secondary smoking on CCA properties was evaluated. Furthermore, CCA properties were compared between patients with previous history of cardiovascular event (myocardial infarction, cerebrovascular accident) and patients with no such history.
METHODS

Study design and population
We performed a prospective cross-sectional study across 20 different primary care clinics affiliated with the public health department of Bandung, West Java, Indonesia between July 1, 2016 and August 1, 2016. Data was collected from a convenience sample of Indonesian patients presenting to clinic for any chief complaint. In order to optimize homogeneity of the participants and decrease potential confounding factors, any family members of patients accompanying the patients and clinic employees were also approached for enrollment in the study. The study was approved by the site Institutional Review Board and complied with all guidelines of human subject research. All participants gave verbal and written consent for study enrollment.
Data collection and ultrasound measurements
Following consent, we gave participants a questionnaire to obtain self-reported demographic and health information including age, BMI, current smoking status, past medical history, and medications. After completion of the questionnaire, we placed participants in a supine position and allowed to rest for 5 minutes. The rest period was allotted to allow for equilibration of blood pressure and heart rate to baseline levels and to minimize white coat hypertension.
We measured blood pressure and heart rate twice from each arm of the participant via a manual sphygmomanometer. The average between these measurements was used. We did not obtain any localized carotid blood pressures. The participants underwent a point of care ultrasound using a Nanomaxx Ultrasound System (SonoSite, Bothell, Washington) connected to a linear 7.5 MHz probe. The right CCA was visualized with B-mode in a longitudinal view. With minimal pressure to avoid compression of the participant's vasculature, a 1-cm long segment of the CCA just proximal to the carotid bulb was captured and stored. Using this still image, we then manually measured CIMT of the far wall using internal software on the ultrasound machine. Finally, we utilized M-mode to capture the movement of both the near and far walls of the carotid as well as the carotid diameter measurements for each during diastole and systole. After scanning was complete, we again measured blood pressure and heart rate.
Statistical analysis
We performed data analysis using VassarStats website for statistical computation (Vassar College, Poughkeepsie, NY). Multiple regression was performed to compare the exposure of tobacco smoke to CIMT and values of arterial distensibility. We also incorporated other factors associated with increased CIMT and carotid arterial stiffness, including age, BMI, gender, and presence of cardiovascular risk factors in the analysis. Linear regression was performed to examine associations of CIMT with each measure of carotid arterial stiffness. We also performed a two-sided t-test to compare the CIMT and arterial distensibility of participants with positive history of acute cardiovascular events versus those of patients without such history. We averaged the blood pressure and the CCA diameter data to calculate the following indices of carotid stiffness: distensibility coefficient (DC), cross-sectional compliance, arterial stiffness, and Young's elastic modulus. 
RESULTS
We enrolled a total of 663 patients in the study. 426 patients had a history of smoking and 237 patients had a history of second-hand smoke exposure, and 73 patients had neither smoked or been exposed to SHS. Full demographic data can be seen in Table 1 . Compared to nonsmokers, the smoking group was older, had a higher proportion of males, exhibited increased CIMT, and exhibited decreased DC ( Table 2 ). All 426 patients were included in the multiple regression between primary smoking and measured properties of the CCA. In a multivariate regression model with age and BMI, there was an overall positive association with the measured lifestyle factors (age, BMI, presence of cardiovascular risk factors) and the ultrasound-measured variables in the group of individuals who smoked. There was a positive association between all vascular health variables (with the exception of CSC), and the measured factors. With the exception of CSC, all of the adjusted R 2 values were statistically significant (Table 3) . For all 4 statistically significant variables, age seemed to contribute the most out of all of the lifestyle factors for the variation between individuals. In the individuals exposed to SHS, YEM and CIMT was positively associated with measured lifestyle factors ( Vol 8, No 3, 2017 0.2741, the highest among the multiple regressions. BMI contributed the most out of all of the lifestyle factors for the variation between individuals in the stiffness analysis. Age contributed the most for variation between individuals in the CIMT analysis. In the smoking group, there was a very weak positive association between CIMT and distensibility ( Table  5 ). The 243 patients that had not smoked previously were included in the multiple regression between SHS exposure and CCA properties (Table 5 ). In the SHS regression, there were very weak positive associations between CIMT and stiffness, as well as CIMT and YEM ( 
History of acute cardiovascular event
Negative Positive decreased CCA distensibility relative to patients without history of cardiovascular event (Table 7 , Figure 1 ). Patients with history of MI/CVA also trended towards having a higher CIMT than individuals without such history, but the comparison did not reach statistical significance (Table 8 , Figure 2 ). Other CCA values showed no signifi cance when compared to presence of MI/CVA in the history.
DISCUSSION
We found that our primary dependent variable, carotid distensibility, exhibited a weakly positive association with the measures of cardiovascular risk that we measured. Age seemed to be the greatest contributing factor to increased arterial distensibility, which is consistent with previous studies.
[ 23] The effect of smoking seemed to be negligible. This finding of increasing distensibility, especially in older age, was unexpected. Traditionally, increasing age has been tied with increased stiffness, [24] and this relationship has been shown prospectively as well. [25] Associations between tobacco smoke exposure and CIMT were more consistent across both smokers and individuals exposed to second-hand smoke, although the association was surprisingly much stronger for individuals exposed to SHS than for smokers. The strength of the associations may have been diminished 
History of acute cardiovascular event
Negative Positive because we did not account for the number of smoke-free years in former smokers. We also did not assess whether participants were currently or formerly exposed to SHS. Rather, all participants were placed into the regression model as if everyone were currently smoking or exposed to SHS. Smoking cessation has been associated with a significant decrease in cardiovascular disease-related mortality. [26] However, the limited research on smoking cessation and properties of the carotid artery are conflicting. [26, 27] The abrupt decrease in mortality may likely be multifactorial.
While abundant evidence supports the positive association between exposure to tobacco smoke and increased CIMT, the associations for carotid arterial stiffness are much less clear. Previous attempts to make associations between smoking and measures of carotid arterial stiffness have not shown clear results. [11, 28] Interestingly, Sharrett et al [28] and Meyer et al [29] both found that tobacco smoke exposure was actually associated with decreased arterial stiffness, which is consistent with our findings. Decreased arterial stiffness could explain how individuals who smoke exhibit increased risk of mortality from abdominal aortic aneurysm (AAA). Indeed, smoking has been described as the largest modifiable risk factor for AAA. [30] [31] [32] The exact mechanism of development of AAA from smoking is not well understood currently. [33] When it came to history of cardiovascular and cerebrovascular disease, our data was much more consistent with the literature. In patients with previous history of MI or CVA, there was a significant decrease in DC relative to patients who did not report any such conditions. Patients with previous MI or CVA also tended to have increased CIMT relative to patients without, although this value did not quite reach statistical significance. The lack of significance can be attributed to the relatively small sample size of individuals who had suffered these previous episodes. Our fi ndings are consistent with fi ndings in the literature that increased stiffness and CIMT are associated with greater risk of cardiovascular disease and stroke. [13, 34] One possible reason for the weak associations between tobacco smoke exposure and CCA properties may have been that cardiovascular risk factors were selfreported. We did not have access to subject medical records and therefore could not provide specifi c values for parameters such as their cholesterol levels. Additionally, it was not possible to confirm the subject's past medical history (including smoking history), medications that they were taking, and their compliance with their medications. We could only assess CV risk using the presence of risk factors such as hypertension, hypercholesterolemia and diabetes, but we may have seen higher correlation with CV risk and measures of stiffness and CIMT had we had access to more specifi c information. [35] Variation in the scanning protocol may have additionally decreased the effect sizes that we were hoping to observe. Many of the patients had not previously encountered foreigners, and having the measurements and scans performed by foreigners may have caused or exacerbated white coat hypertension in these individuals. These factors may have falsely elevated the blood pressure, leading to inaccurate calculations of stiffness indices. Elevated heart rates have also been shown to negatively correlate with carotid artery distensibility. [36] Anatomical differences may also have played a role. While performing M-mode measurements, it was occasionally impossible to display the CCA in a completely horizontal plane. As a result, alignment of both near and far walls of the CCA to measure systolic and diastolic diameter could not be performed perfectly, which may have resulted in deviations in measurements.
Overall associations between CIMT and indices of carotid stiffness were almost negligible. Measures of CIMT have been shown to be highly variable based on the protocol. [12] Though we tried to minimize variation by using the software within the Nanomaxx, anatomical variation may have affected measurements. There were occasionally patients for whom we could not easily visualize the tunica intima in B-mode. When compared, values of stiffness and CIMT have not been shown to correlate well with each other in previous studies, nor are they equally capable of predicting future cardiovascular risk. [37] [38] [39] A factor which we did not take into consideration when performing our analysis was ambient pollution. The literature on pollution and its effect on vascular properties remains conflicted. Some studies have demonstrated effects of pollution on atherosclerosis and cardiovascular mortality, [40, 41] especially in Asians versus other races. [42] Pollution has been shown to increase both stiffness and CIMT. [40, 43] However, other studies have found no significant changes in these measures. [44] [45] [46] As with cigarette smoke itself, the sheer number of diverse chemicals in air pollution make it difficult to study its exact effect on a specifi c vascular parameter.
Limitations
There are several limitations to our study. First, the study was performed at a single site in rural primary care clinics in Bandung, West Java, Indonesia. It is possible that patients from different geographic regions or backgrounds may have different ultrasound findings. Next, the convenience sampling of patients may have the potential for selection bias although this was limited by the fact that every patient present was approached for enrollment. Several aspects of data were self-reported from patients. This included height, weight and past medical history. Another limitation of our study is that carotid distensibility was calculated using peripheral blood pressure measurements instead of central blood pressure. This factor must be taken into account when comparing our studies to previous work. Our most significant limitation is that we did not quantify the length of smoking history. It is possible that patients with a longer smoking history could have more identifiable fi ndings on ultrasound. Future large scale, multi-centered studies are needed to validate our promising fi ndings.
CONCLUSION
Our data yielded weak associations between carotid distensibility and cardiovascular risk, as well as between CIMT and carotid arterial stiffness. However, we were able to demonstrate an increase in thickness of the CIMT in patients who have been exposed by tobacco through the use of ultrasound. Interestingly, patients who had been exposed to SHS had thicker CIMTs compared to those who smoke directly. Our study also displayed the promise of using ultrasound to confirm the relationship between a lower DC and thicker CIMT with risk of cardiovascular disease and stroke. To further support this claim, further large scale studies comparing patients with multiple cardiac risk factors need to be performed to confirm the utility of ultrasound findings for cardiovascular disease and stroke.
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